Evolution history of the volcano is essential not only to characterize the volcano, but also consider magma genesis beneath the volcano. Most of the stratovolcanoes in northeast Japan follow a general evolutional course: cone building, horse-shoe shaped caldera forming collapse, and post-caldera stages. However, the detailed history of each stage is not well investigated. We investigated evolution history of young edifice of Gassan volcano, representative stratovolcano in rear side of northeast Japan arc. Most of the products are lavas, which are divided into two groups by geomorphologic and geologic features. The former (Gassan lower lavas) is composed of relatively thin and fluidal lavas, whose original geomorphology remains a little, while the latter (Gassan upper lavas) is composed of relatively thick and viscous lavas, whose original geomorphology is moderately preserved. Based on geologic features, the upper lavas can be further divided into Gassan upper north lavas and upper summit lavas in ascending order. After the formation of the thick lavas, horse-shoe shaped caldera was formed by the instability of the edifice, probably triggered by fault activity. No evidence of post caldera activity inner part of it is observed. Based on K-Ar data, estimated age of Gassan lower lavas is ca. 0.75 to ca. 0.6 Ma, those of Gassan upper north and upper summit lavas are ca. 0.60 to ca. 0.55 Ma and ca. 0.55 to ca. 0.45 Ma. The eruption rate is estimated to be ca. 0.0004 km 3 /1000 years in Gassan lower lavas and ca. 0.02 km 3 /1000 years in Gassan upper summit lavas. These values are lower than the eruption rate of representative Japanese stratovolcanoes.
classify and characterize the volcano but also consider magma genesis. In island arc setting, main types of the volcano are stratovolcano with subordinate amount of caldera volcano. In terms of Japanese stratovolcanoes, it was proposed that these follow an evolution course: cone building, horse-shoe shaped caldera collapse, and post-caldera stages, based on geomorphologic features [1] .
The magmatic composition changes from basaltic to andesitic-dacitic during cone building stage in representative volcanoes, but some lack basaltic activity.
The andesitic-dacitic activity continues to the post-caldera stage. The caldera collapse occurs because of instability of the edifice consisting upper thick overlying lower basaltic products triggered by magma ascent, heavy rain fall, or big earthquake. Further, detailed geologic investigations of Japanese volcanoes suggested that the evolution course is much more complex. The Nasu and Chokai volcanoes follow above course repeatedly [2] [3] . Petrologic studies coupled with geologic study, Ishizuka (1999) and Ban et al. (2001) suggested that the single evolution course of the stratovolcano would correspond to a pulse of upwelling of mantle diapir beneath the volcano [3] [4] . The basaltic activity attributes to the magma formation by melting of the mantle, while the andesitic-dacitic activity results from mixing of felsic magma caused by crustal melting and the mantle derived basaltic magma.
While general evolution history has been investigated in many volcanoes in northeast Japan (e.g., [5] ), detailed investigation of evolution history during each stage is not sufficient. We examined it in Gassan volcano, representative stratovolcano in rear arc side in northeast Japan arc.
Geologic and Tectonic Setting
Northeast Japan is one of representative subduction zones. In this zone, the Pacific Plate is subducting at an angle of ca. 30˚ westward beneath the North American Plate and the Eurasian Plate. Many volcanoes are arranging NS direction, which is parallel to the Japan Trench. The volcanic front is situated ca. 100 km above the deep seismic plane of the Pacific Plate. Most of the volcanoes are distributed near the volcanic front and some are scattered on the rear arc side (e.g., [6] [7] [8]) (Figure 1 ). Looking at the distribution of volcanoes in northeast Japan arc more closely, the volcanoes near the front can be divided into several clusters (e.g., [6] volcanoes and the size of one cluster is 30 to 60 km in diameter. The intervals of the clusters are 70 -100 km. Also, rear arc side volcanoes distribute only behind the clusters not behind the interval areas. This finger-like spatial distribution is interpreted as corresponding to that of the hot area (hot fingers) in the mantle wedge [10] . The seismic tomography studies supported the existence of the predicted hot fingers (e.g., [11] [12] [13] ). (e.g., [14] [15] [16] [17] ). This chemical zonation in basalt correlates with the depth of the down-going slab. This feature has been attributed to the combination of differences in degrees of partial melting of the mantle wedge and in dehydration phases both in the down-going slab and the down-dragged hydrous layer at the base of the mantle wedge (e.g., [18] [19] ).
The Gassan volcano is composed of andesite with subordinate amount of dacite, and is divided into old and young edifices [20] . The K-Ar age for the young edifice is ca. 0.5 Ma [21] . We examined the evolution history of the young edifice geologically, based on geomorphological and lithological data coupled with new K-Ar data.
Geomorphology
Geomorphologic map is shown in Figure 2 . A horse-shoe shaped caldera, named Gassan caldera [20] , is observed in the central part. The caldera is 2 km The surface of the Gassan volcanic edifice, other than inner part of the caldera, can be divided into two areas [20] . Additionally, cirque-like morphology is observed about 100 to 200 m northeastward from the summit, which would be originally formed in glacial age.
We note the rivers flow straightly inner part and southward outside of the Gassan caldera. These straight structures would be formed by fault activities. We will discuss these fault activities more detail in Section 7.
Geology and Stratigraphy
Geologic map is presented in Figure 3 . The products are divided into lower and upper lavas based on the preservation of morphologic features described in Section 3. The lower lavas distribute in marginal area of the Gassan young edifice, whereas the upper lavas distribute in the main area. The upper lavas are sub-divided into upper north lavas and upper summit lavas in the ascending order, based on the preservation of surface morphology described in Section 3.
The Gassan lower lavas outcrop in the north-east-south of marginal parts of their distribution area and lower part of the east cliff of the Gassan caldera wall.
Also, small distribution of lower lavas can be observed also in western part 
K-Ar Dating
We selected representative six samples from rocks from Gassan young edifice.
All of these are lava samples. The sample descriptions are in Table 1 . Samples were dated by Hiruzen Institute for Geology and Chronology using the K-Ar age determination, following the method [25] [26] [27] . K-Ar dating applied to groundmass concentrates of 187 -250 μm (60 -80 mesh), most of the phenocrysts were removed using a magnetic separator [28] . Argon was analyzed by the isotope dilution method using an argon 38 spike [27] . The potassium contents were determined by flame photometry using a 2000 ppm Cs buffer solution [25] . 
Evolution History of Gassan Volcano
The activity of the Gassan young edifice can be divided into early and late periods, which correspond to formation of Gassan lower and upper lavas. On the other hand, the late period is characterized by the repeated effusion of relatively viscus andesitic to dacitic lava. As a result, cone shaped edifice would be formed.
K-Ar data of 0.74 ± 0.06 Ma and 0.60 ± 0.13 Ma were obtained from Gassan lower lavas. The former is from lower part of the Gassan lower lavas, whereas the latter is from upper part of them. Based on the former age, it is reasonable to consider that the early period would start around 0.75 Ma. The latter age has large error, thus it is difficult to deduce the age of the end of the activity. Here we pick the median value of 0.6 Ma as the age. We conclude the early period would be from ca. 0.75 to ca. 0.6 Ma.
The obtained K-Ar age for the Gassan upper north lavas is 0.68 ± 0. We note that we cannot exclude other possibilities, for example, obtained younger ages attribute to argon loss by weak weathering. However, we have no methods to evaluate the degrees of argon loss by weak weathering so far.
Using the estimated time spans and the eruption products volumes in each period, we estimated the averaged eruption rates of the early and late periods. /1000 years: Chokai volcano [3] ). Obtained contrasting feature of the products between two periods, fluidal vs. viscus, would reflect magmatic temperature or the amounts of volatile components in magma. According to the petrologic study of the Gassan volcano by [20] , the injection of mafic magma into shallow chamber filled with felsic magma triggered the eruption. However, T-P-H 2 O conditions of the mafic and felsic magmas were not defined. Detailed petrologic investigation on the lavas is necessary to seek the origin of the contrasting feature.
Edifice Collapse and Fault Activity
After the formation of cone shaped edifice, the caldera collapse occurred at the summit area. The debris avalanche flowed down to the north. The deposit having hummocky structure was formed. No juvenile fragments were found from the deposit [20] , thus the collapse was not triggered by the magmatic eruption. The other possibility is fault activity. The active fault, named Shonai plain tohen fault zone, goes through beneath the Gassan volcano trending NS direction. The estimated faults shown in Figure 2 and Figure 3 would be south extension of the fault zone. The edifice collapse would relate to the activity of this fault zone. This fault is a reverse fault zone on the east side rise. Historical record of activity of this fault is in AD1894. The Shonai earthquake (M = 7.0) was by this activity and caused severe damage along the fault area [31] . This fault would be activated repeatedly over time, which resulted in uplift of the east side relative to the west side. The Gassan lower lavas distribute both on east and west side of the fault. The altitude of the surface of both sides is obviously different (Figure 7) . The gap of the altitude is about 300 m. The age of the Gassan lower lava 3 is estimated to be ca. 0.7 Ma, thus the east side uplift rate is calculated to be ca. 0.04 cm/year. This value is similar to that estimated one for the displacement of the Shonai plain tohen fault zone by The Headquarters for Earthquake Research Promotion [32] . Several old volcanoes are distributing near the fault other than the Gassan volcano in this area. Collapse terrains can be observed in these volcanoes [33] . It is probable that the activity of the fault will cause another collapse in the future.
Conclusions
We examined the evolution history of the young edifice geologically, based on geomorphological and lithological data coupled with new K-Ar data and obtained following results.
1) The eruption products can be divided into lower and upper lavas based on the preservation of morphologic features. The upper lavas can be further divided into Gassan upper north lavas and Gassan upper summit lavas. Open Journal of Geology 2) The early period (activity of Gassan lower lavas) is characterized by the repeated effusions of relatively fluidal andesitic to dacitic lavas. The lavas would flow down to every direction from the eruption center, judged from the distribution area. The location of the center would be near the present summit based on the lava distribution. The edifice would be like a small shield in shape with gentle slope. On the other hand, the late period (activity of Gassan upper lavas) is characterized by the repeated effusion of relatively viscus andesitic to dacitic lava. As a result, cone shaped edifice would be formed.
3) The ages of Gassan lower lavas, Gassan upper north lavas, and Gassan upper summit lavas were estimated to be ca. 0.75 to ca. 0.6 Ma, 0.6 to 0.55 Ma, ca. 
